A magnetic alloy(MA) loaded cavity which was developed by KEK was used for the barrier bucket experiment at the AGS. The MA loaded cavity could generate a single sine-wave of 40kV with less RF power than a ferrite loaded cavity because of its broad-band impedance. In order to reduce the voltage induce by beam, the feedforward system was applied and the beam loading was compensated. With the barrier bucket scheme, five bunches were transferred successfully. Total of 3 x loi3 protons were accumulated without beam loss. They were re-bunched by the accelerating cavities and accelerated.
INTRODUCTION
A Magnetic Alloy(MA) loaded cavity[ 1, 21 has been developed. The cavity was installed in the AGS for the barrier bucket experiment. It was the first experiment for the MA loaded cavity to be tested in synchrotron. The beam loading and the method to cure it were important issues.
The cavity and the RF amplifier worked stably. The beam loading compensation system was established.
The barrier bucket experiments [3, 4] were performed to increase the intensity at the AGS. Two barrier cavities were used to generate a fixed barrier and moving one. Both cavities generated a single sine-wave of 40kV at the repetition rate of 351kHz. The former is the MA loaded cavity, the latter is a ferrite loaded cavity modified by BNL. This paper desc6bes the MA loaded cavity and the barrier bucket experiment.
BARRIER CAVITY

MA Loaded Cavity
LCR circuit on resonance is represented as follows,
The peak current to generate a single sine-wave for a V Ipeali = (1 + &I-If the impedance is given, the system with lower Q value can generate a barrier voltage with less RF power. The KEK barrier cavity is loaded with MA cores, FINEMET.
The cores have large inductance and low Q value. A pushpull amplifier is suitable to drive an MA loaded cavity be- The waveform(a) was used in the experiment. The waveform(b) was improved to achieve a flatter RF bucket(d) by a drive signal modification and the overshoot is expected to disappear by mixing several harmonics.
Feedforward System
If the beam signal is fed to the broad-band RF amplifier, the beam induced voltage can be canceled [6] . The feedforward [7] scheme was applied for the compensation of the beam loading. The frequency responses of the beam monitor, cables and the grid circuit of the amplifier are important because the Q value is low and WQ is large. The cavity is suitable for the feedforward scheme, because all parameters are stable against the temperature rise or the beam loading. It is easy to add a compensation signal, because the time response of the cavity to the signal is fast. Figure 2 shows the schematic feedforward system. The -beam signal was picked up by the wall current monitor. The signal was split into three because of the frequency dependence of the grid circuit and the cable used for delay. Then they were filtered by three types of the filters: low-pass(h= 1 ), band-pass(h=2) and high-pass(h2 3) filters.
The phase and amplitude of each Fourier component of the gap voltage were adjusted independently. The signal was delayed for one revolution period after the beam passed the cavity. It was because the feedforward path was longer than the beam traveling time from the monitor to the cavity. The induced voltages per gap with or without the feedforward are shown in Figure 3 . It can be seen that the amplitude of the induced voltage decreases to 1/9 effectively. The system worked stably. protons per bunch and one bunch was circulating.
BARRIER BUCKET
RF Gymnastics
The barrier cavity has to play two important roles during injection with barrier bucket. The first barrier create a flat RF potential in the longitudinal phase space to keep the beam gap. The second one performs RF gymnastics to accept and accumulate the injected beam. The BNL and KEK Proceedings of the 1999 Particle Accelerator Conference, New York, 1999 858 cavities took parts of the former and latter, respectively.
One of the barriers is moved to expand the injected beam. This debunch method with using barriers is called as "adiabatic debunch". After debunching, the moving barrier is turned off. It is turned on again at the same phase as the fixed barrier and moved to make the space for next injection. The next bunch is injected into the longitudinal space. Then it debunched adiabatically by the moving barrier, while the stored beam is compressed. The moving barrier is turned off when their momentum spreads become equal. Thus the stored beam and the injected one merge. If those processes are repeated adiabatically, the total emittance of bunches is conserved and beam can be injected as much as the limit of the longitudinal acceptance.
The RF gymnastics were optimized not to cause beam loss and leakage from RF bucket. Figure 4 shows the gymnastics of barriers in case of transfers of five bunches. 
Adiabatic Debunch
The sweep speed of a barrier should be slow enough to satisfy the adiabatic condition to conserve the emittance. The time for sweep, however, is limited by the AGS Booster cycle of 150msec
The adiabatic condition was studied measuring the momentum spread by Schottky signal, to determine the longitudinal emittance. The measurement was done varying the barrier speed with one transfer. The initial phase gap between two cavities was 77" which was wider about 3 times than the bunch width. The phase gap was spread to 315". The result is shown in Table 1 .
In case of the sweep time longer than loomsec, the minimum momentum spread was achieved. The results agree with the fact that if the barrier is swept as slow as 10 times of the debunching time, the momentum spread after debunch is minimized. The longitudinal emittance grew 2-3 times. It has been considered to be mainly due to the longitudinal mismatch. The potential distortion also seems to relate with it. 
Spacing
The initial RF bucket should be matched with the bunch width not to cause the longitudinal mismatch. On the other hand, it should be wide enough to avoid that the injection kicker disturbs the circulating beam. The initial phase gap between the barriers was optimized observing beam loss. There was no beam loss by the kicker when the phase gap was wider than 770nsec, which was consistent with the kicker pulse width. However this phase gap width was'much wider than the typical bunch width of 200nsec, which should have degraded the emittance. Actually when the phase gap was narrow, smaller emittance was achieved.
Re-bunch and Acceleration
Total of 3 x 1013 protons were accumulated successfully. The beam intensity of the first bunch was 6 . 4~ 10l2 protons per bunch. After five bunches were transferred, the gaps of the barrier cavities were shorted and the accumulated beam debunched freely. The beam was re-captured by the accelerating cavities of the harmonic number of 6, which voltage was ramped up linearly. After the re-capture it was accelerated. There was a beam loss at the gamma jump because of the large longitudinal emittance. The emittance after re-bunching by harmonics of 6 was 5.5-7.0 eV s per bunch, which grew about 3 times. During the re-bunching and the acceleration, no emittance growth nor beam loss was observed. Figure 5 shows the accumulation of 5 bunches and re-bunching.
CONCLUSION
An MA loaded cavity has been developed for the bar- A special barrier gymnastics also enables to reduce the mismatch. The KEK barrier distorted the RF potential with its overshoot in the waveform. The overshoot has almost disappeared by mixing several harmonics for the drive signal [S] and this scheme can be applied to the cavity. The feedback or feedforward system will help to cancel the induced voltage at the BNL barrier cavity. Amplitude modulation of the BNL cavity will also reduce emittance growth.
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